Abstract. Non-small cell lung cancer (NSCLC), a highly malignant tumor, is common in China and is associated with a very poor 5-year survival rate. To better understand the cancer biology of this disease, we report here the establishment of three new NSCLC cell lines, SCC210011, SCC211441 and ACC212102, from the tumor tissue of three NSCLC patients. By histological analysis, we found that all three cell lines displayed the typical features of endothelial cancer cells. The population doubling times of SCC210011, SCC211441 and ACC212102 cells were 42, 38 and 25 h, respectively. Our cytogenetic studies indicated that these cell lines exhibit structural and numerical chromosomal abnormalities. Furthermore, the tumorigenicity in nude mice was confirmed, and H&E staining results revealed that they resembled the primary tissue. These newly established cell lines may serve as useful models for studying the molecular pathogenesis of NSCLC.
Introduction
Lung cancer is the most common primary tumor and the most common cause of cancer-related mortality in males worldwide (1, 2) . Lung cancer is mainly classified as non-small cell lung cancer (NSCLC) or small cell lung cancer (SCLC). NSCLC, which is the most malignant tumor, is common in China and is associated with a very poor 5-year survival rate (3) . However, little is known regarding the carcinogenesis and metastasis of this tumor. Although several lung cancer cell lines have been established, their hereditary capacity has been lost due to countless passages. Therefore, to provide a deeper understanding of tumorigenesis, the cancer microenvironment, metastasis (4), diagnosis and drug resistance, it is necessary to establish additional lung cancer cell lines. To date, there are a limited number of lung cancer cell lines in China (5) (6) (7) (8) . As a result, we established and characterized Chinese human lung cancer cell lines that we named SCC210011, SCC211441 and ACC212102. These cell lines are quite useful for studying lung cancer pathology and treatment.
Materials and methods
Clinical specimens. Resection specimens were obtained from a 74-year-old Chinese male, a 55-year-old Chinese male and a 74-year-old Chinese male who underwent surgical resection at the Cancer Center, Sun Yat-Sen University (Guangzhou, China). The clinical features of the 3 NSCLC patients are outlined in Table I . The patients were admitted to the Department of Thoracic Surgery of the Cancer Center, Sun Yat-Sen University. All patients had signed informed consents on the use of clinical specimens for medical research. Samples used in this study were approved by the Committee for Ethical Review of Research at Sun Yat-Sen University.
Primary culture and cell line establishment. All tumors were verified by pathology, and the specimens from patients were cultured in Dulbecco's modified Eagle's medium (DMEM) with 10% fetal bovine serum (FBS) plus penicillin and streptomycin. The size of each tumor specimen was ~1 cm 3 . No lymph node or distant metastasis was detected at the time of resection. The three tumor tissues (210011, 211441 and 212102) were histopathologically classified as moderately to poorly differentiated squamous carcinoma, squamous carcinoma and adenocarcinoma, respectively, according to the H&E staining results. The tissue specimens were washed twice with phosphate-buffered saline (PBS), cut into 0. medium. The pellet was suspended in complete DMEM with 20% FBS, penicillin (100 U/ml) and streptomycin (100 µg/ ml) (Invitrogen, San Diego, CA, USA), and seeded into plastic flasks, which were overturned to keep the plaster pieces on the flasks. Following 3-4 h, the flasks were turned over to submerge the sections in the medium. The flasks were incubated at 37˚C for 2-3 weeks, following which the FBS was reduced to 10% in the media. The primary cells were then subcultured when they reached 70-80% confluence. During the period of continuous subculture propagation, the cells were frozen with freezing medium containing 70% DMEM, 10% FBS and 10% dimethyl sulfoxide (DMSO), and stored in liquid nitrogen. Following thawing, cells were able to be propagated in culture without obvious changes in the growth rate and morphology. The three cell lines were designated SCC210011, SCC211441 and ACC202102, with each number representing the patient hospitalization record.
Growth characteristics in vitro.
Passages 35, 31 and 30 were studied for SCC210011, SCC211441 and ACC202102, respectively, to estimate the population doubling time. A suspension of 1x10 3 cells was plated in each well of a 96-well plate, and the growth rate of cells was examined using a cell proliferation kit (Roche, Mannheim, Germany) and microplate reader for 6 days. The growth curve was plotted and the doubling time of each cell line was estimated during the logarithmic growth phase.
Anchorage-independent growth assay in soft agar. A bottom layer of 0.6% agarose with 10% FBS in 35-mm plastic dishes was prepared, and single-cell suspensions of each cell line in 0.3% agarose with DMEM and 10% FBS were placed on top. For each plate, 1x10 3 cells were tested, and the colonies were scored after 2-3 weeks. Colony-forming efficiency was determined as the number of colonies per number of tumor cells, multiplied by 100 (data not shown).
Tumorigenicity in nude mice and H&E staining analysis.
All protocols were performed following approval of the Institutional Animal Care and Use Committee of Sun Yat-Sen University. The cells were subcutaneously injected into one of the flanks of 3-to 4-week-old nude male mice. The animals were observed for the development of tumors each week and sacrificed 4-6 weeks following injection. The tumor tissues were fixed with 10% formalin and a routine histopathological examination was performed by H&E staining and compared to the primary patient tissue.
Cytogenetic analysis. Chromosome harvest was performed following short-term culture. Metaphase chromosomes were stained by standard trypsin-G banding method. In total, 72-85 metaphases were characterized. The description of karyotypic abnormalities followed the recommendations of the International System for Human Cytogenetic Nomenclature (9) .
Results
Morphology and culture characteristics. SCC210011, SCC211441 and ACC212102 cells were successfully isolated from lung cancer tissues (Fig. 1A) and formed sparse colonies within 52, 42 and 38 days of primary culture, respectively (Fig. 1B, upper panel) . Once cancer cell growth commenced, it tended to proceed progressively with minimal cell death. The contaminating fibroblasts gradually decreased until finally disappearing (Fig. 1B, lower panel) . The cells began to grow quickly around the seventh to tenth passage and were propagated for more than 30 generations thereafter. The cultured SCC210011, SCC211441 and ACC212102 cells grew as adherent monolayers with characteristic epithelial morphologic features (Fig. 1B, lower panel) . The cells maintained morphology that was consistent with the primary culture throughout the following 30 passages and more. Following thawing, the cryopreserved cells were able to be propagated in culture without a noticeable change in growth and morphology. The growth curves of the three cell lines are shown in Fig. 2A . The population doubling time of SCC210011, SCC211441 and ACC212102 cells was approximately 42, 38 and 25 h, respectively. These three cell lines were able to produce recognizable colonies in soft agar (data not shown).
Tumorigenicity in nude mice. These three cell lines exhibited strong tumorigenic capabilities in athymic nude mice. Within 4-6 weeks following subcutaneous injection of SCC210011, SCC211441 and ACC212102 cells, tumor formation was visible at the site of inoculation in 40, 75 and 75% of mice, respectively ( Fig. 2B and C) . By histological analysis, the xenograft tumor nodules displayed moderate to poor differentiation (Fig. 2D) , which was similar to the description of the corresponding original lung tumors (Fig. 1A) .
Cytogenetic analysis. G-banding analysis demonstrated that SCC210011, SCC211441 and ACC212102 cells were all triploid. Three representative karyotypes are shown in Fig. 3 , and the median number of chromosomes found in SCC210011, SCC211441 and ACC212102 cell lines were 65, 58 and 62, respectively. By cytogenetic analyses, we confirmed that these three cell lines were human in origin and had numerous structural and numerical chromosome abnormalities (Fig. 3) . In general, surgical tissues have been used to establish human lung cancer cell lines, and various functional lung cancer cell lines have been reported (10) (11) (12) . Nonetheless, the incidence of lung cancer remains globally high. Thus, employment of new cell lines to study the mechanism of lung carcinoma, particularly for NSCLC is needed. In the present study, three NSCLC cell lines were established from Chinese patients. These established pure cell lines may be used for tumor progression and cancer environmental studies that cannot normally be performed using human tissue specimens.
We named these cell lines SCC210011, SCC211441 and ACC212102. The three cell lines grew as adherent monolayers with characteristic epithelial morphology and their population doubling time was approximately 42, 38 and 25 h, respectively. The three cell lines were continuously grown for 3-4 months, while undergoing more than 30 passages; in addition, cell growth continued even following recovery from cryopreservation. The cell lines also exhibited an ability to form colonies in soft agar. Furthermore, the three cell lines were subcutaneously injected into nude mice and resulted in tumors. We found that the histological features of the tumor resembled those of the original primary tumor and maintained a consistent morphology as compared to the primary culture by H&E staining. Furthermore, the cell lines were analyzed by cytogenetic analysis, and we confirmed that these cells were of human origin, that they were tumor cells and that chromosomal aberrations were involved, as confirmed by the chromosome G-banding method. To date, only a limited number of studies have investigated the cytogenetic changes in lung cancer and our understanding of the molecular carcinogenesis of the disease remains limited. Our findings reveal that these cell lines are triploid. They display various chromosomal alterations when compared to other lung cell lines that have been previously characterized in our laboratory (7). Our results suggest that the chromosomal abnormalities detected in these newly established cell lines may play a crucial role in lung cancer carcinogenesis.
At present, the available established NSCLC cell lines have been propagated for long periods. Therefore, certain biological characteristics may have been altered and/or lost and, thus, they may not be appropriate for the study of co-culture and the cancer microenvironment. For this reason, primary tissue cultures may provide a valuable in vitro model with which to study the various aspects of tumor biology, cellular and molecular carcinogenesis, as well as biomarkers for early diagnosis and drug response to new therapeutic agents, all of which are necessary for a better understanding of lung cancer. In this regard, there is a great need to further update the collection of lung cancer cell lines with a new supply. We expect that the application of new cell lines may greatly accelerate human lung cancer cell studies.
